Themed Issue on 'Sustaining natural resources in a changing environment' 
Introduction
As the transition between the Millennium Development Goals (MDGs) and the Sustainable Development Goals (SDGs) (2016) (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) is made, it is important to consider key strengths and weaknesses of the processes and consequences of the MDGs. The United Nations (UN) recognised that the MDG agenda promoted concrete actions to address human development shortfalls, provided a common framework, and improved coordination for development actors. However, the MDGs resulted in the setting of rather rigid national policy agendas, following international benchmarks rather than local conditions, often ignoring the complexities of the development process (UN, 2012, pp. 6, 7) . In addition, even where water MDG targets were met by 2015, there are doubts about the extent to which the new facilities will be sustainably managed, particularly in rural areas.
The SDGs were developed following an exhaustive process of debates and negotiations (UNDESA, 2015, p. 1) . Research evidence shows that, when the water, sanitation and hygiene (WASH) SDGs are eventually achieved, they will bring considerable and wideranging benefits (Hutton & Chase, 2016, p. 20) . Meanwhile, more needs to be known about the challenges that governments are facing in developing sustainable water services, and how SDG targets are going to be met.
During the MDG period up to 2015, households were counted as having access to potentially safe water sources if they used 'improved' water sources for individual households or shared sources that include hand-pumps or stand-posts. In Uganda, compliance with the 'improved water source' criteria included households within 1,000m (rural), whereas the SDG for drinking water (target 6.1) relates to water supply on the premises of all households (UNWater, 2016, pp. 12, 13) , thereby considerably raising the bar for target achievement.
Only 5 per cent of households in rural Africa currently have piped water on their premises; most people rely on shared point water sources such as hand-pumps and public standposts (WHO/UNICEF, 2015, p. 77) . The proportion rises to 10 per cent when other on-plot options such as boreholes are included. In urban Africa, where the economies of scale for piped water are more effective, the percentage of households with piped water on premises has only risen from 44 to 46 per cent since 2000 (WHO/UNICEF, 2017, p. 105). The SDGs are therefore overly ambitious, expecting a further 90 per cent of rural households to gain new on-plot water supplies by 2030.
The clear risk is that, if governments and international donors focus on SDG targets for onplot water solutions, they may neglect poorer rural areas where only shared water facilities, such as hand-pumps, are currently feasible. A key SDG objective is to 'leave no-one behind', which is a desirable equity objective, but many rural communities are poor, remote or vulnerable, and will struggle to develop and manage effective piped on-plot water systems, without extensive assistance from government and donors over a long period.
Uganda has been selected as a case study because of its good record in water sector performance and reforms (Water and Sanitation Program, World Bank, 2011, p. 15; WHO UNICEF, 2015, p. 75) . In Uganda, the Ministry of Finance, Planning and Economic Development leads the process in developing medium-term plans that covers key sectors. For example, in 2017 the National Development Plan II was agreed for -16 to 2019 -20 (MFPED, 2017 . The Plan is based on budget framework papers with, for instance, the Ministry of Water and Environment (MWE), and incorporates trends in performance, planning and budget forecasts. This process is enhanced through comprehensive annual water sector performance reporting and joint sector reviews. However, given the major shift in emphasis in the SDGs, as explained above, future medium-term plans and targets need to take into account critical analyses of key stakeholders' capacities and approaches. This issue is examined here and is also incorporated into a suggested framework for national water sector medium-term target setting.
Assessments for water targets
Water sector institutions in each country are required to balance their funding priorities and plans for meeting ambitious SDG targets and providing basic services to poor and hitherto unserved populations in a realistic and iterative way, bearing in mind absorptive capacity on a sustainable basis. The broader question addressed in this article is how to reconcile ambitious SDGs for universal piped or on-plot water supplies with developing country realities. This issue is examined considering the following research questions:
4. How best can national governments develop and work towards realistic medium-term WASH targets, while addressing the longer term SDGs?
These questions are consistent within the broader framework for reviewing medium-term development targets at national level, as suggested in Figure 1 . The research reported in this article is based on recent field research on the management of rural water supplies in Uganda, utilising previous urban water research conducted by two of the authors. A review of quantitative and qualitative data has also been conducted using the available literature on the subject and includes extensive grey literature, academic articles and UN publications. Note: KPI = Key Performance Indicators Reed, Fraser, Morse & Dougill (2006, p. 414) propose a rather complex 'adaptive learning process for sustainability indicator development and application'. Our aim is to suggest how the proposed targets can be periodically reviewed in terms of service levels in a specific national context. A concise overview process, such as the one shown in Figure 1 , can be used by key national stakeholders in planning for improved WASH service provision. Some aspects shown in Figure 1 are not considered in detail, such as funding and partnerships. Without systematic reviews of medium-term targets, national governments may find that the gap between the ambitious SDG targets and what they can actually achieve on an annual basis leads to poorly focused plans.
SDG target 6.1, states: 'By 2030, achieve universal and equitable access to safe and affordable drinking water for all ' (WHO, 2017 pp. 12, 13) . Table 1 summarises what this means in terms of level of services for both the SDG target and the more basic MDGs.
The MDGs mainly relate to shared water sources, whereas, in order to meet the SDG target 6.1 threshold for a 'safely managed' service, the improved source must meet three conditions:
• the source should be located on premises (within the dwelling, yard or plot);
• water should be available when needed;
• the water supplied should be free from faecal and priority chemical contamination. If any of the three conditions is not met, but the improved source is within 30 minutes of the home, it will continue to be categorised as a 'basic' service. 'Improved' sources are those that are potentially capable of delivering safe water by nature of their design and construction (WHO, 2017, pp. 12−13) . Sustainability is a key concern in the rural sector, as can be seen from the Uganda case study. The WHO acknowledges that individual countries will need to consider how to balance support for extending access (MDGs) and to improve service levels (SDGs), (WHO, 2017, p. 13) , which is difficult to achieve in situations where sector funding is limited.
SDG Target 6b) states: 'Support and strengthen the participation of local communities in improving water and sanitation management'. This is necessary to ensure that solutions decided upon are suitable for specific socioeconomic contexts and to encourage local ownership of the solutions when implemented to ensure sustainability over time (UNWater, 2016, p. 25) .
Community involvement is an important part of such stakeholder participation. However, a growing body of evidence (Harvey, Uno, & Reed, 2006, p. 183; Lockwood, Smits, Schouten, & Moriarty 2010, p. 4) reveals the limitations and lack of sustainability of community management of water supplies in rural areas. In many African countries sustained efforts have been made to increase the involvement of the private sector, particularly in undertaking repairs of water facilities.
Equity of services 'implies progressive reduction and elimination of inequalities between population subgroups ' (WHO, 2017 , p. 11). Jarman (2016 concluded that 'age, ethnicity and gender are still fundamental variables that together and separately contribute to differentiated social outcomes'. This observation clearly has relevance in rural Africa where 'Women and girls are responsible for water collection in 8 out of 10 households with water off their premises' (WHO, 2017, p. 30) . The new SDG basic service level 'Improved source within 30 minutes round-trip collection time' and SDG target 6.1 shown in Table 1 should contribute to a significant reduction in the burdens on women and children. Ndesamburo, Flynn, & French (2012, p. 453) highlight 'the need for equity and inclusion approaches to better understand and meet the water, sanitation, and hygiene (WASH) needs of women and girls, as well as other groups who are often excluded'.
Equity of service provision is taken here to mean the extent of use of basic and unimproved service levels and by wealth quintile in Uganda. National sector performance reporting in Uganda (MWE, 2016, pp. 26, 128 ) also regularly reviews equity issues by area-based variations in the distribution of community water points and by gender-based indicators, namely 'the percentage of water committees or boards with women holding key positions'.
The Ugandan case study
Multiple data sources were used in the case study, as part of a triangulation process. For the rural water field research, fifteen semi-structured interviews, five focus group discussions and observations were conducted on Hand Pump Mechanic Associations (HPMAs) in five districts, together with key informant interviews at national level. The selection of these research locations in Uganda was carefully considered against several criteria including: availability of data, presence and years of HPMA operation, and presence of alternative operation and maintenance (O&M) models. The urban water research was based on a thorough review of the many government utility and consultancy reports in Uganda, building on previous research by the authors and the academic literature.
The three main parts of this section assess current progress and prospects for achieving the SDG water targets in Uganda, as set out in Figure 1 . Firstly, we review piped water supplies to households, which are mostly found in urban areas; secondly, an assessment is made of shared community water facilities in rural areas, and thirdly, we review progress in achieving equity in the water sector.
Piped water services and stakeholder capacities in Uganda
The percentage of households in urban Uganda who have piped water supplies on their premises has steadily increased from 7 percent in 1990 to 23 per cent in 2015 (WHO & UNCEF 2015, p. 75) , despite a high annual population growth of over 3 per cent, a figure that supported by recent household surveys and the MWE 2016 sector performance report, but is higher than the coverage reported in the recently launched JMP report (WHO & UNICEF, 2017a) .
The National Water and Sewerage Corporation (NWSC), a public utility, is performing well in managing water services in the larger Ugandan towns against a number of indicators and ratios. For example, the number of customer pipe connections has increased from 152,138 in 2006 (MWE, 2006 , p. 23) to 472,193 in 2016 (MWE, 2016 . NWSC is also maintaining good service levels, as is demonstrated by the customer satisfaction index at 88 per cent (MWE, 2016, p. 45) . Other aspects include carefully managing customer relations, employing competent staff, while generating funds for investment. NWSC have also made good progress in enabling urban poor households, to access piped water services (MWE, 2016, p. 45; NWSC, 2015) .
Despite these achievements, a number of challenges remain. Private operators manage water supplies in few small towns in Uganda as part of formal management contracts (MWE, 2016, p. 32) , while local governments oversee these contracts. Private operators have managed small town water services with some success, although providing incentives for new capital investments and paying for expansion of water services, with such short-term management contracts, has proved problematic, (Hirn, 2013, p. IV) . Increasingly, NWSC has taken on the management of more small-town water supplies, but such towns have higher levels of NRW and poorer service levels (MWE, 2016, p. 53) . NWSC staff reported in 2017 that they are effectively using a 'clustered approach' to managing small-town water services, whereby managers in larger towns are supporting staff managing water services in nearby smaller towns. However, those small town water systems are usually cross-subsidised by the larger town offices. Overall, Uganda has good capabilities for managing larger piped water systems effectively.
In considering the prospects for developing piped water services in rural areas, it is relevant to examine what is currently happening with piped supplies in these areas. 'Typically a user elected Water and Sanitation Committee (WSC) is responsible for the management of village piped water supply services and a local individual is hired for the operation of the scheme'. (Hirn, 2013, p. 6) To achieve universal household piped water services, a key question emerges: Is there sufficient capacity and incentive to manage small rural piped water systems, where the economies of scale are considerably less, and affordability is more of an issue? Private operators or capable individuals would seem to have the potential to manage small rural systems in conjunction with local committees, provided that capital investments are organised centrally. There are also plans for NWSC to provide piped water services to rural growth centres (see https://www.nwsc.co.ug/). However, current sector funding levels suggest that a large expansion of piped water systems in rural areas will be difficult to achieve on a sustainable basis (WHO GLAAS Report, 2017, p. IX). An AMCOW Country Overview for 2015 and beyond for Uganda (WSP, 2011 p. 2) highlighted that Uganda, with its strong institutions has witnessed remarkable improvements in access but the low investment anticipated for the future may see these gains eroded.
Most people undoubtedly prefer the convenience of piped water supplies on their premises and are willing to pay for these services. This is evident from the 97 per cent customer bill payment or collection efficiency for NWSC piped connections (MWE, 2016, p. 47 In Uganda, improvement in the functionality of rural water supplies increased to 88 per cent in 2014 but fell to 86 per cent in 2015, which is still below the expected targets set by the Government of Uganda of 90 per cent functionality. The fall in functionality is attributed to non-repair of broken-down facilities (MWE, 2016, p. 3) . Furthermore, although functionality levels are better than the global picture, only 53 per cent of supplies are fully functional in that they provide an adequate and reliable yield throughout the day (MWE, 2011, p. vi) , suggesting that the CBMS model is not delivering in its current form.
The prevailing school of thought in the literature is that the community management model has clear limitations and has failed to deliver expected levels of sustainability (Harvey, Uno, & Reed, 2006, p. 183) . Sustainable, community-based managed RWS continues to remain an elusive goal. Greater efforts are needed to test and evaluate alternative models for managing hand-pump water supplies (Foster, 2013, pp. 12037−12045) .
A Sector Wide Approach (SWAp) in the Ugandan rural water sector has enabled 'the building of impressive government and donor alignment, harmonization, and coordination' (WSP, World Bank, 2011, p. 15) . A number of challenges remain, according to the Ministry of Water and environment, as shown in Table 2 . Source: National annual water and sanitation sector performance report (MWE, 2016, p. 25) .
O&M is a key area in the search for sustainable RWS. Due to the limited success of the CBMS, a number of complementary and alternative models have emerged, an example being greater use of the local private sector, as part of Public Private Partnerships (PPPs). A number of hand-pump centered models have been developed in Uganda. We consider Hand Pump Mechanic Associations (HPMAs) in more detail here, as this approach has been scaled up in districts across Uganda.
The emergence of 'Community Management Plus' indicates the need to provide more professionalised services, such as the HPMA. The HPMA model has been incorporated in government policy and is being implemented throughout the country in at least 85 out of 108 districts surveyed, who now have registered HPMAs (MWE & SNV, 2015, p. 5 ).
An early example of the development of an HPMA in 2005/06 was when WaterAid, an international UK-based charity, created an association of hand-pump mechanics in Katakwi district (Uganda). The main objectives were to improve the coordination of the work of the HPMs who undertake repairs, and enhance the credibility and quality assurance of the work done by the HPMs. The association supervises the work of the HPMs, supports them with transport, and reports to the districts. The districts provide the associations with office space and stationary, and organise training for all HPMs, while the water facilities are managed by the village water committees. The district council also monitors the HPMS and regulates charges for maintenance and repairs, to avoid exploitation of the communities. The districts concerned have seen an impressive increase in functionality and reduction of downtime of the hand pumps.
The field study of HPMAs by the authors examined the effectiveness and capacity of the HPMA model in five districts and was analysed according to four categories. HPMAs scored highest in technical capacity, poorly in financial management, with average ratings in management/leadership and operational/business capacity. These findings suggest that HPMAs have continued with the technical repair work that they have been carrying out for several years, but have been less inclined to adopt some of the more managerial and financial aspects of the HPMA model, possibly due to the lack of incentives put in place to expand their services. A key issue is the reluctance of communities to pay the HPMs for preventative maintenance, although it costs less in the long run, compared to paying for corrective maintenance when a more serious problem occurs.
The fact that 80 per cent of the case study HPMAs were able to perform complex rehabilitation tasks, such as fishing pipes out of the boreholes is indicative of how far they have come by learning from one another. Variations in scores between HPMAs can be attributed to several factors including longevity of the association, strength of the enabling environment, and availability of business opportunities (field interviews).
The HPMA approach has established some foundations that can potentially improve CMBS in the coming years. However, the model currently lacks a sufficiently supportive enabling environment if it is to become fully functional. Moreover, the focus on corrective repairs at the expense of preventative maintenance raises doubts over its sustainability.
Another approach being piloted is the 'Whave' PPP model which focuses on preventative maintenance and hence has better prospects of being more cost effective than purely corrective maintenance options. The Whave PPP model has been implemented in several districts in Uganda and involves working through local Water Service Providers (WSPs) who are individuals contracted by the Water Operator (in this case Whave Solutions) to provide O&M services to a specific number of water points. The model is performance-based, focusing on preventive maintenance rather than repair. The WSPs earn money from a functioning water source rather than a broken-down water source.
The model has had significant impact on functionality rates, which, at 99 per cent is very encouraging. Nonetheless, some design issues with the Whave model need to be resolved if the model is to be introduced on a wider scale. The model is subsidised with Whave contributing about 40 per cent and the community 60 per cent of the total service cost. These models are promising and are being considered for future scaling up by the MWE and development partners. Meanwhile, the challenge of providing sustainable rural water services remains, despite extensive efforts to address these various issues as part of the Sector Wide Approach for water in Uganda. Government, donors and NGOs have previously focused rural water sector support on community-managed water sources. Who will provide sufficient resources and support for developing piped water systems in a sustainable manner as part of the drive to achieve SDG 6.1 is an outstanding question.
Equity in service provision
The SDG 6 targets for water supply emphasise 'universal access', which means for everyone. This is consistent with the overarching ambition of the 2030 Agenda to 'end poverty in all its forms' and 'leave no one behind ' (WHO, 2017, p. 10) . Analysis of the Ugandan data shows that only 4 per cent of the urban population have unimproved (potentially unsafe) main sources of water, whereas the percentage of the population using unimproved water supplies in rural areas was 24 per cent in 2015. Despite this significant reduction, many people are still facing public health risks due to the unsafe water that they drink (WHO & UNICEF JMP, 2015a) . Improving the water sources for those 24 per cent in rural areas with community shared water sources is clearly the priority, rather than providing more expensive piped water services.
Disaggregated data for per income quintile in 2012 for water supplies in Uganda show significant variations in equity. In urban areas, 60 per cent in the richest quintile, compared to only 5 per cent in the poorest quintile, had piped water on their premises (WHO &UNICEF, 2015b) . In rural areas only the richest quintile displayed a significant percentage of people with piped water on premises.
In the Uganda annual sector performance report (MWE, 2016, p. 26) , equity of provision between areas is defined in terms of access to water points measured by calculating the standard deviation between the average numbers of persons per improved water point at subcounty level. The variation has changed from 243 persons per water point in 2007/08 to 142 in 2015/16, and is explained in part due to data entry problems. The trend is nevertheless encouraging. In the same annual report, the authors track gender equity against the Key Performance Indicator of per cent of Water User committees/Water Boards with women holding key positions. Performance against this target has risen to 86 per cent in 2016. Gender mainstreaming initiatives are thus found to have resulted in capacity building in 24 districts (MWE, 2016, p. 128 ).
Overall improvements have been made in the various dimensions of equity, in recent years. However, large gaps remain between urban and rural areas, in both Uganda and Sub-Saharan Africa. In particular, wide disparities are found in the provision of household piped water supplies, which are mainly confined to richer households, suggesting that provision of piped water supplies to poorer households (SDG 6.1) is likely to be hampered in the future due to affordability and poverty issues, particularly if sustainable services are to be provided.
Discussion and conclusions
Compared to many other African countries, Uganda has good capabilities for managing larger piped water systems effectively within both the national water utility and private sectors. However, limited incentives exist for managing small-scale rural piped water systems, where economies of scale are considerably less, and affordability is more of an issue in rural areas. A substantial increase in funding and support would be needed for new water infrastructure and sustainable management if the SDG targets are to be achieved. A key focus would also be needed on equity to provide and sustain piped water sources for poor communities.
In Sub-Saharan Africa (SSA) 68 per cent of the total population have 'improved water sources' compared to 79 per cent for Uganda (WHO & UNICEF JMP, 2015, pp. 75, 77) . Uganda is also performing better than most African countries in terms of 'transitioning to country-led service delivery pathways for water supply' according to AMCOW (2011) . The challenges in improving water services in most SSA countries are greater than in Uganda, the more so since 'Aid commitments for water and sanitation to Sub-Saharan Africa have declined from US$ 3.8 billion to US$ 1.7 billion from 2012 to 2015' (WHO GLAAS Report, 2017, p. IX).
According to WHO & UN-Water (2017, p. IX) , National WASH budgets are increasing as countries prepare to take on board the SDGs. Yet discrepancies remain between global aspirations and national realities. More than 80 per cent of countries report insufficient financing to meet national WASH targets, let alone the higher levels of service that are the focus of the SDGs.
The SDG emphasis on providing piped or on-plot water supplies for all households is recognised as a very ambitious long-term goal. For this reason, substantive support from donors and development partners for achieving fully functioning sustainable community water points will still be required for many years, particularly for poor rural areas. Due to the hitherto limited success of community-based management of shared water sources, a number of alternative 'Community Management Plus' approaches have emerged that support the local private sector in providing key inputs to enable sustainable outcomes.
Innovative institutional mechanisms and public-private-people partnerships will be needed to provide both sustainable piped water supplies and better management of shared community water supplies in rural areas of Sub-Saharan Africa. Such mechanisms are best developed based on a careful analysis of the lessons learnt and good practice in Uganda and elsewhere. The water SDGs provide sensible long-term aims for the types of services that most people prefer, but tracking of progress against the SDG's targets needs to be managed carefully. During the MDG period, the JMP regularly publicised which countries were on-or off-track against water and sanitation targets. However, this approach failed to account adequately for the considerable progress made by countries with low initial levels of human development, especially in Africa (UN, 2012, p. 7).
Publication of performance tracking against targets can provide incentives for policymakers, where the targets are feasible, but reliance on over-optimistic targets can have a demotivating effect among in-country stakeholders and create uncertainties around priorities. According to Coelho (2010, p. 406) : 'Unrealistic optimism creates distortions which may be the most important source of efficiency loss in the economic system. When designing policy, governments often ignore this fact.'
How best then can we reconcile ambitious SDG targets with national realities? International performance reporting of progress against SDGs for piped water services in rural areas requires careful management, with less emphasis on simplistic on-and off-track reporting. The percentage increases in households with piped connections or similar indicators for each country could be a suitable indicator for constructive performance tracking.
Our analysis suggests that achievable medium-term country targets need to be given greater emphasis. A concise and robust method for medium-term target setting and review is critical, and is best achieved at national level, using realistic and systematic planning approaches. Balanced incentives seem to be necessary to encourage stakeholders to strive for realistic targets in the medium term, without demotivating countries with limited capacities and resources.
